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Introduction
Anterior cervical discectomy and fusion (ACDF) is a well-accepted treatment for symptomatic cervical spondylosis and degenerative disc disease (DDD). For single-level ACDFs, fusions rates are typically high, regardless of graft choice or the use of an anterior cervical plate. 1, 2, 3, 4, 5, 6 However, for multi-level (two or more levels) ACDFs, clinical efficacy can vary substantially, with fusion rates being reported to be between 56% and 100%, depending on a variety of factors including the choice of interbody spacer, supplemental instrumentation, and graft biologic. 1, 7, 8, 9 Graft options have traditionally been limited to autologous structural iliac crest bone graft (ICBG) or allograft. Structural ICBG tends to yield higher fusion rates compared to allograft, however, graft harvesting can be associated with significant morbidity. 12, 13, 14, 15 Allograft bone offers many advantages, but tends to have lower fusion rates in multilevel ACDFs. 16 One alternative spacer option is the Cornerstone HSR (Medtronic Sofamor Danek, Memphis, TN) bioabsorbable cervical spacer (BCS). The nature of this BCS allows it to be rigid during implantation to provide immediate biomechanical stability, but steadily degrades over time, allowing gradual transfer of stresses to the graft material. 1, 23 These spacers offer the advantages of being radiolucent, which facilitates fusion assessment, and have a modulus of elasticity similar to bone, which potentially decreases the incidence of subsidence, collapse, and stress shielding. 1, 23 While the use of these BCS has been studied in animal models and several retrospective studies, the choice of graft biologic has largely been limited to allograft or autograft materials. Recombinant human bone morphogenic protein-2 (rhBMP-2) (INFUSE®, Medtronic Sofamor Danek, Memphis, TN) is one alternative option, but has received much controversy in recent years due to its potential for high complication rates. 10, 11 However, we hypothesize that in low doses and in combination with BCS, rhBMP-2 can be beneficial in aiding high fusion rates in multi-level ACDF with acceptable morbidity rates. The purpose of this study is to evaluate the safety and efficacy of BCS filled with low-dose rhBMP-2 in multi-level ACDF.
Methods
A total of 72 consecutive patients who were treated with a multi-level ACDF using BCS and rhBMP-2 at a single institution between 2007 and 2012 were identified and included for analysis. Data were collected prospectively as part of an IRB-approved prospective registry. Demographic, treatment, and complication variables were collected through chart review. Outcome variables were collected prospectively and included disability (Neck Disability Index [NDI]), neck and arm pain (numeric rating scale [NRS] , and quality of life (SF-36 physical and mental component scores [PCS & MCS]) measures. Clinical outcomes and patient satisfaction were collected at preoperative and prospectively at 1, 3, 6, 12, and 24 months postoperative.
All patients had initial x-rays within 24 hours of surgery, AP and lateral x-rays at 4 to 6 weeks postoperative, and serial x-rays with flexion and extension views at 3, 6, 12, and 24 months. Fusion was defined as a lack of instrumentation failure, no lucency in the intervertebral disc space, and no movement on flexion-extension radiographs (<2mm of spinous process splaying was allowed). If there was uncertainty regarding fusion status, a CT scan of the cervical spine was obtained for confirmation, but otherwise was not routinely used.
Mean follow-up of the 72 patients was 13.8 months (range 6-24 months). Average patient age at time of surgery was 55.3 years (range 37-82) and 71% were female. Average BMI was 28.4 kg/m 2 (range 18.5-41.2), 33% were smokers, and 17% had previous cervical surgery (laminectomy, fusion, or both). Primary clinical indication for surgery was classified as cervical spondylitic myelopathy (CSM) in 29 (40%) patients, as radiculopathy (RAD) in 27 (38%) patients, as a combination of CSM and RAD in 15 (21%) patients, and non-union in 1 (1%) patient. Complete demographic information is included in Table 1 . A total of 187 levels were treated with an ACDF, with 37 (51%) 2-level, 27 (38%) 3-level, and 8 (11%) 4-level cases. Twenty (28%) patients were treated at C3-4, 51 (71%) patients were treated at C4-5, 65 (90%) patients were treated at C5-6, and 50 (69%) patients were treated at the C6-7 level. Bioabsorbable cervical spacers (Cornerstone HSR, Medtronic Sofamor Danek, Memphis, TN) were used, supplemented with rhBMP-2 (Infuse®, Medtronic Sofamor Danek, Memphis, TN) osteoinductive graft material. Dosage for the rhBMP-2 was 0.5mg per level in 43 (60%) patients and 0.7mg per level in 29 (40%), for an average of 0.6mg was used at each level. A higher dosage of 0.7mg was initially used as routine practice, however after reports of possible complications associated the use of rhBMP-2 in the cervical spine surfaced, a lower dosage of 0.5mg was used routinely, instead. Monitoring in all cases included somatosensory evoked potentials (SSEP), motor evoked potentials (MEP), and upper extremity electromyographies (EMG). Additional anterior cervical plates (Atlantis, Medtronic Sofamor Danek, Memphis, TN) were also used in all cases. Postoperative collars were not prescribed for patients treated at 2 levels, were occasionally utilized for patients treated at 3 levels, and were most commonly prescribed for patients treated at 4 levels.
Statistical analyses included frequency analysis to examine demographic and treatment variables and one-way ANOVA to examine changes in clinical outcomes from pre-to all postoperative time points. All analyses were performed using SAS v9.3 (SAS Institute, Cary, NC) and statistical significance was accepted at the 0.05 level.
Results
Overall mean operative time (ORT), estimated blood loss (EBL), and postoperative length of stay (LOS) were 144 minutes, 49mL, and 1.1 days, respectively. There were no intraoperative complications. Although postoperative dysphagia was a common sideeffect of ACDF immediately after surgery, 38 (53%) patients complained of persistent dysphagia beyond the first postoperative visit (2 weeks), 55% of which resolved by 1 month, 34% by 3 months, and 5% by 6months, all without additional intervention. Two of the 38 patients were readmitted for observation and steroid administration due to worsening dysphagia and/or excessive prevertebral swelling (admission primarily for airway concerns). Each of these two patients received 0.5mg rhBMP-2 at each level treated. One patient was treated at four levels and the other was treated at two levels. Major complications occurred in 3 (4%) patients, and included 2 returns to OR (1 nonunion revision, 1 retropharyngeal seroma evacuation) and 1 recurrent laryngeal nerve injury. Minor complications occurred in 5 (7%) patients, and included the two aforementioned hospital readmissions for excessive pre-vertebral swelling/dysphagia, 1 hospital readmission within 30 days for nausea/headache due to prescribed narcotic-use, and 2 exacerbations of pre-existing medical conditions (1 COPD, 1 atrial fibrillation). There were no cases of infection or wound problems, hematoma formation, or new postoperative neurologic deficit. Overall fusion was 98.6% of patients or 99.5% of treated levels.
From preoperative to 12 months postoperative, NDI improved 43% (range 6 -78%, SD 17%) from 44% to 25%. NRS neck pain improved 60% (range 0 -100%, SD 14%) from 5.5 to 2.2 and NRS arm pain improved 55% (range 0 -100%, SD 13%) from 5.8 to 2.6. SF-36 PCS improved 24% from 37.5 to 46.3 and MCS improved 18% from 43.2 to 50.9. All clinical improvements were statistically significant (p<0.001). Complete clinical outcomes are included in Figure 1 and Figure 2 .
At last follow-up, 97% of patients reported being either "satisfied" or "very satisfied" with their surgical outcome, and 90% indicated they would choose the same procedure again, given their outcome. Among the various available grafting options for multilevel ACDFs, autologous bone from the iliac crest has traditionally been considered the gold standard. Harvesting of iliac crest autograft can be associated with potential complications such as hematoma, surgical site infection, lateral femoral cutaneous nerve injury, pelvic fracture, muscle herniation, and persistent pain, and as a result, is becoming less commonly used today. 2 Allograft is often used as an alternative to autologous bone, however, there may be an increased likelihood of failed fusion and need for additional revision surgery. 16 In order to avoid donor morbidity, synthetic spacers filled with a graft biologic have become an increasingly popular alternative. One commonly used option for interbody spacers are polyetheretherketone (PEEK) spacers, which offer the advantages of radiolucency and an elastic modulus closer to cortical bone. 17, 18, 19 However, there exist concerns about particulate debris, as well as the limited amount of graft biologic that can be used due to their small apertures (relative to the cross-sectional endplate) and high costs. 17, 18, 19 Titanium cages are also commonly used, but have the additional disadvantages of having a modulus of elasticity much higher than cortical bone, and their lack of radiolucency make fusion assessment difficult. 20, 21 Given the disadvantages of PEEK and titanium spacers, intervertebral spacers derived from bioabsorbable materials have emerged as a promising alternative. In addition to its radiolucency property and modulus of elasticity similar to bone, bioabsorbable implants degrade slowly over time (maintains 90% strength until 6 months after implantation, degrades to 50% strength by 12 months postoperative), resulting in a gradual "dynamization" across the implant, graft material, and vertebral body endplates, all of which may increase the likelihood of a solid fusion. Since BCS gradually resorb, longterm problems associated with stress shielding, particulate debris, and retained foreign body are significantly minimized. 1, 23 While high fusion rates and clinical efficacy has been widely reported for single-level cases, there is a much wider discrepancy regarding the safety and utility of ACDF in multi-level cases. 25 The reported fusion rates and complications rates for these procedures can vary widely and are highly dependent upon the number of levels treated, the use of supplemental instrumentation, and the choice of graft biologic and interbody spacer. 1, 2, 3, 4, 5, 6, 7, 8, 9 Pseudoarthrosis rates of 0% to 44% have been reported, however, these numbers may be confounded by the lack of standardized fusion assessment and definition. 1, 24, 25 In general, fusion rates are thought to decrease with more levels treated, the use of allograft biologic, and a lack of rigid instrumentation. Complication rates also vary widely, between 2% to 67%, particularly in regards to commonly-reported approachrelated events such as dysphagia, and also generally increase with the number of levels treated and potentially the source of graft. 24 Although short-term dysphagia is recognized as a ubiquitous and well-known side effect following ACDF, there is nonetheless a considerable variability in the reported literature regarding incidence and prevalence rates. 24, 25, 26 This variability can largely be attributed to discrepancies in both the definition and assessment of dysphagia. The qualitative assessment of dysphagia used in the present study defined "swallowing impairment" to include difficulty with solid and/or liquid foods and pain swallowing, and symptoms were self-reported by the patient. This definition of dysphagia is largely consistent with others found in recently published literature. Incidences of dysphagia in the current study were quantified if symptoms were unresolved by the 2 week postoperative visit or if hospital readmission and additional treatment was required. Patients exhibiting symptoms past 2 weeks, but were resolved by 3 months without additional intervention or readmission, were considered to have "prolonged" dysphagia. Patients with symptoms unresolved after 3 months were considered to have "persistent" dysphagia.
Discussion
Early complaints of postoperative, transient dysphagia were not uncommon in patients in the current series, but were not quantified prior to the initial postoperative visit at two weeks. Twenty-one (29%) patients had prolonged dysphagia beyond the two-week postoperative visit, with symptoms resolving by 4 weeks in 10 patients and by 3 months in the remaining 11 patients. Of these, 2 patients required hospital readmission for observation and steroid treatment, with no additional intervention. No patients had persistent dysphagia after 3 months. By comparison, a retrospective analysis of 454 patients by Riley et al. found that the incidence of dysphagia at 3 months postoperative was 33% for patients treated at two levels and 39% for patients treated at three or more levels. 26 Excluding patients with uncomplicated prolonged dysphagia, the overall complication rate for patients in the current series was 11% (4% major complications and 7% minor complications). By comparison, complication rates reported by Fountas et al. for two-or three-level ACDFs using autologous or allografts with or without a plate was 20%. However, this complication rate decreases to 9% after excluding patients with dysphagia that resolved by 4 weeks postoperative. In their series, a postoperative hematoma occurred in 26 (4.8%) patients, recurrent laryngeal nerve injury occurred in 18 (3.3%) patients, and esophageal perforation occurred in 2 (0.4%) patients. A CSF leak due to an intraoperative dural tear was noted in 2 (0.4%) patients. 24 The fusion rate for patients in the current series was 98.6%, or 99.5% of treated levels. By comparison, for patients treated with allograft or autograft, Fountas et al. reported similarly high fusion rates of 94% in two-level cases and 91% in three-level cases, giving an overall fusion rate of 93%. A meta-analysis by Fraser et al. reported an 80% fusion rate for two-level ACDFs without fixation and 95% fusion rate with fixation. For three-level cases, Fraser et al. reported a 65% fusion rate for three-level cases without fixation and 83% fusion rate with additional plate placement. 25 A more recent systematic literature review by Miller et al. reported fusion rates of 91% of levels treated for each allograft and autograft and 97% of levels treated with cages filled with morselized autologous local bone supplemented with bone graft substitute. 28 Our fusion rate of 98.6% in the current study is also consistent with other rates reported for patients treated with BCS. Park et al. reported a 95.2% fusion rate in a series of 26 patients with BCS for one-or two-level degenerative disc disease. Of the 26 patients, allograft was used for 25 patients and autologous ICBG was used for 1 patient. 27 . In a comprehensive literature review, Vaccaro et al. also reported similarly high fusion rates of 94% of levels treated with BCS, and noted that sagittal alignment was maintained throughout the follow-up period. 6 In comparison with other fusions rates for BCS with rhBMP-2, Lanman et al. reported a 100% fusion rate by 3 months postoperative measured by x-rays and CT. Low complication rates were also reported, with only 1 patient experiencing severe dysphagia requiring extended hospital stay. 1 In the current series, BCS were used in conjunction with an average of 0.6mg of rhBMP-2 per level. While the authors recognize that the use of rhBMP-2 in the cervical spine is both off-label and controversial, we nonetheless hope the current study demonstrates that when used in very low doses and contained within a spacer and with meticulous surgical technique, rhBMP-2 can still be considered a safe and effective option. Particularly in light of recent findings from meta-reviews by Simmonds et al., the use of rhBMP-2 has been suggested to increase fusion rates when properly utilized. 10 Clinical improvements in the current series were high, with an average of 60% reduction of neck pain and 55% reduction of arm pain. Physical quality of life (QOL) improved an average of 24% and mental QOL improved an average of 18%. Additionally, disability (NDI) improved an average of 43%. In comparison, a systematic literature review by Miller et al. reported improvements in NDI as 46% for cage, 61% for allograft, and 76% for autograft. 28 It should be noted that the clinical indication for surgery was myelopathy in 40% of patients in the current series, and thus, the NDI, which contains questions mostly related to disability as a result of radicular symptoms, may not reflect the "true disability" for these patients. Improvements for neck pain were reported between 63% to 69% and arm pain was reported as 62% to 75%. Finally, PCS improved 42% and MCS improved 16% for patients treated with allograft.
Finally, there are several limitations in the current study, namely the lack of a control or comparative group, and the lack of routinely-collected CT scans. As this is an observational single-cohort study, conclusions regarding comparative effectiveness against conventional cage options are limited. Additionally, without an adequate control group, it is difficult to attribute clinical improvements and/or fusion efficacy to a specific component (interbody cage, biologic, etc.). The purpose of this study, instead, is to provide evidence regarding the feasibility and utility of a possible cage and graft combination. Finally, as serial CT studies were not collected, fusion status could only be determined based on symptomatic rather than radiographic confirmation.
Conclusion
Multilevel ACDF can be a highly effective treatment for cervical radiculopathy and myelopathy, although complications rates, particularly dysphagia, can be high, as can pseudoarthrosis rates. The results of this study suggest that proper use and dosage of rhBMP-2 contained within a bioabsorbable spacer, may facilitate high fusion rates while maintaining low complication rates and significant clinical improvements. Additionally, since bioabsorbable spacers gradually resorb, leaving no foreign implant in the intervertebral disc place, long-term findings of bridging bone makes fusion assessment more straightforward. Although the use of rhBMP-2 is both off-label and controversial, the results of the current study suggest that the combination of low-dose rhBMP-2 with BCS may be a useful treatment option with acceptable complication rates, high fusion rates, and good clinical improvements in patients undergoing multi-level ACDF.
